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P athology of the rotator cuff consists of a spectrum of conditions ranging from tendonitis to rotator cuff arthropathy. Partial-thickness tears account for a significant segment of this spectrum. The ability to recognize this pathology has been aided by advances in both imaging modalities and arthroscopy. [1] [2] [3] [4] The incidence of partial-thickness rotator cuff tears ranges from 13% to 37% of all tears. [5] [6] [7] [8] This group can be further subdivided into articular-sided, bursal-sided, or intratendinous tears. 3, [9] [10] [11] [12] Factors contributing to the development of partial-thickness tears can be broadly divided into intrinsic or extrinsic factors. 9, 13 More than 1 of these factors may be responsible for partial-thickness rotator cuff tears. 9 Studies have indicated that symptomatic patients with high-grade partial tears benefit from surgical repair. 9, [14] [15] [16] [17] [18] Uncertainty exists over the ideal surgical treatment method, with options ranging from debridement to in situ repair and tear completion with repair. Studies have shown improved strain characteristics and excellent healing rates and patient satisfaction in partial articularsided tears treated with completion prior to repair. 19, 20 However, there are clinical situations, such as younger symptomatic athletes or laborers in whom tear completion may be less desirable, and in situ repair without completion may be a surgical option. Biomechanical data are lacking in the literature evaluating the ability of an in situ repair to improve strain characteristics of the rotator cuff in the treatment of partial articularsided tears.
The purpose of this study was to determine whether in situ repair was a viable biomechanical treatment option when compared with tear completion prior to repair. The authors hypothesized that in situ repair would create strain characteristics that were improved from those achieved with repair after completion of a partial articular-sided tear.
Materials and Methods
Twenty fresh-frozen cadaveric shoulders were initially obtained to determine whether the in situ repair was a viable biomechanical treatment option for partial articular-sided rotator cuff tears. However, 6 specimens had significant degeneration of the rotator cuff and were not usable for the study. The cost of cadavers prohibited the authors from obtaining additional specimens. Therefore, the study was performed with a total of 14 shoulders with an average age of 69.763.4 years (average bone mineral density at the greater tuberosity, 0.3660.09 g/cm 2 ; range, 0.24-0.56 g/ cm 2 ). The specimens were randomly assigned to either group 1 for in situ repair or group 2 for tear completion and subsequent repair, with each group consisting of 7 specimens.
After dissection of the soft tissues in all specimens, the humeri and their associated supraspinatus musculotendinous units were isolated. Each humerus and supraspinatus unit was catalogued to ensure that testing was performed with the appropriate bone and muscle pair. The intact tendon-bone contact area, length, and width were measured using a gliding digital caliper, which allowed for a measuring accuracy of 60.1 mm. The tendon footprint was then divided into thirds, delineating the anterior, middle, and posterior regions. After measurement of the tendon thickness, the rotator cuff tendon was lifted off the bone bed and a 50% thickness articular-sided tear was created at the middle third of the tendon using a No.15 scalpel blade calibrated in 1 mm intervals ( Figure 1 ). To help with visualization of the footprint during video analysis, the humeral head was removed 5 mm from the tendon insertion at the greater tuberosity in a diagonal direction from superior to inferior.
Markers were placed for video analysis on the articular surface of the tendon parallel to its line of action, creating a grid of 2 rows and 3 columns (Figure 2 ). One row of 3 pins was placed on the cut humeral head. Displacement was measured on the bursal surface using 2 differential variable reluctance transducers (Microstrain, Burlington, Vermont) placed on the bursal side of the supraspinatus tendon. The humeral shaft was mounted on the Materials Testing System (Eden Prairie, Minnesota) to simulate 45°, 60°, and 90° angles of glenohumeral abduction. A load of 100 N was applied to the tendon for 30 cycles at each abduction angle at a rate of 1 Hz to determine strain and displacement within the intact tendon. In biomechanical studies of the rotator cuff, strain is a way to evaluate changes within the tendon without destroying tissue. Changes in strain characteristics in the setting of partial articular-sided tears have been described as a source of tear propagation within the tendon. 3, 20 To measure strain simultaneously on both sides of the tendon, 2 differential variable reluctance transducers were used to measure bursal strain, and a video analysis system with Maxtraq analysis software (Innovisions Systems, Columbiaville, Michigan) was used to measure articular strain. This methodology was based on the authors' previously published study. 20 Strain was measured for each specimen at 3 conditions: intact tendon, 50% tear, and repaired tear. Within each condition, strain was also measured at 45°, 60°, and 90° of glenohumeral abduction. These ranges of motion are relevant and represent full physiologic range of motion; the additional motion is from the scapulothoracic joint. On the articular surface, strain was calculated for the anterior, middle, and posterior sections. Finally, on the bursal surface, strain and displacement were measured for the anterior and posterior sections.
Group 1
In group 1, the greater tuberosity was prepared for suture anchor placement. No further debridement of the partial tear was performed. An inverted mattress suture was placed in the tendon, imitating an arthroscopic technique. An 18-gauge epidural needle was placed through the tear from the bursal side to the articular side ( Figure 3) . A FiberStick suture (Arthrex, Naples, Florida) was then passed through the needle. The epidural needle was then slowly backed out until it came out of the tendon, and then readvanced through the tendon slightly more posterior and lateral. The gentle curve of the needle allowed positioning of the needle with minimal hand motion. After the needle was passed through the tendon a second time, the loop of suture was grasped with a suture grasper. Once this was completed, a reverse mattress suture was present within the tendon. A 4.5-mm PushLock anchor (Arthrex), which was not placed through the tendon, was used to affix the suture into the exposed bone. A 4.5-mm punch was used, and the anchor was subsequently inserted (Figures 4, 5) . The anchor was placed through the rotator interval or, in this case, just anterior to the leading edge of the rotator cuff.
Group 2
In group 2, the tears were completed using a scalpel. A 5.5-mm Arthrex FT anchor was used, and each limb was passed through the tear evenly spaced ( Figure 6 ). A simple-suture technique was used, and simulated arthroscopic half-hitches were placed to secure the tendon (Figure 7) . At completion of all repairs, the specimens were mounted on the Materials Testing System and were retested for all of the conditions listed above (Figure 8 ). This technique mirrors previously published outcome studies. 19 
Statistical Analysis
An a priori power analysis revealed a sample size of 10 specimens per group was needed to detect a clinically significant strain of 1.5% (standard deviation, 0.3%) with 80% power, and alpha equal to 0.05. Clinically significant strain was based on the previously published study. 20 As stated in the Materials and Methods section, 20 cadaveric shoulders were obtained after performing the power analysis. However, 6 specimens had significant degeneration of the rotator cuff and were not usable for the study. The cost of cadavers prohibited the authors from obtaining additional specimens. Therefore, the study was performed with a total of 14 shoulders, allowing 7 specimens per group.
A repeated measures analysis of variance was used to compare group means to assess between-group and within-subject differences. The repeated measures analysis of variance tests for an overall difference between repair groups (ie, in situ repair vs completion of tear prior to repair), a within-subject main effect condition difference (ie, intact, 50% tear, and repair), and a within-subject difference in the interaction of repair group and condition. The outcome measures for all experiments met the criteria for normal distribution, as assessed by the Kolmogorov-Smirnov test. Square root and log transformations were performed as necessary. The assumption of sphericity was tested using Mauchly's test of sphericity (P..05). When this assumption was violated, the Greenhouse-Geisser method was used to compare within-subject effects. A P value less than .05 was used to determine statistical significance. All statistical analyses were performed using SPSS version 19 software (SPSS, Inc, Chicago, Illinois). Results were analyzed to help determine whether the data showed that in situ repair was a viable biomechanical treatment option for partial articular-sided rotator cuff tears when compared with tear completion prior to repair.
results
No significant differences for side of shoulder, age, or bone mineral density were found between the groups. Tables 1 to 3 display a summary of bursal and articular-sided data. Four of 18 conditions displayed statistically significant differences 
discussion
Debate persists as to which partialthickness tears can be treated with simple debridement or which should be addressed with repair. 3, 11, [21] [22] [23] In certain clinical situations, a tear completion and repair appear to be the most practical option, particularly in the setting of high-grade partial tears in which the residual tendon is already diseased. The 50% rule may be the best general guideline for treatment, where tears smaller than 50% of the tendon's thickness are debrided and tears larger than 50% of the tendon's thickness are repaired. This guideline has both biomechanical and clinical support. 2, 3, 11, 20, [24] [25] [26] [27] [28] In contrast, in some clinical situations in in situ repair may be a surgical option, such as in younger symptomatic athletes or laborers in whom tear completion may be less desirable. The purpose of this study was to determine whether the in situ repair was a viable biomechanical treatment option when compared with tear completion prior to repair. The authors hypothesized that the in situ repair would create strain characteristics that were improved from those achieved with repair after completion of a partial articular-sided tear.
When in situ repair was compared with tear completion, 4 conditions displayed statistically significant differences for improved strain and displacement characteristics of in situ repair over completion and repair: bursal-sided strain in the anterior section of the tendon at both 45° and 90° of abduction and bursal-sided displacement in the anterior section of the tendon at both 45° and 90° of abduction. The improved anterior tendon strain with in situ repair may be clinically relevant because this region of the rotator cuff is the first to experience load with physiologic motion. In addition, the data indicated that completion of the tear and subsequent repair created an increased amount of anterior strain on the bursal surface when compared with in situ repair at 45° and 90° of abduction. This finding may be clinically important if completing an articular-sided tear is causing detrimental changes to the strain characteristics of the bursal side of the rotator cuff. The clinical relevance of statistically significant differences in strain and displacement are related to the potential for tear propagation in partial articular-sided tears. Regions of the tendon seeing increased strain are at risk of tissue failure. If the increased strain persists, these partial tears can potentially develop into full-thickness tears. In the young athlete or laborer with a partial tear, the in situ repair method decreases the strain experienced by the tendon and avoids any tissue damage to the bursal surface. This may be clinically relevant because it maintains bursal tissue integrity as the athlete or laborer returns to their activities that place a significant load on the rotator cuff.
When studying all of the sections for changes in strain characteristics in the presence of a 50% articular-sided tear, only 2 sections of data displayed increased strain: bursalsided strain in the anterior section of the tendon at 60° of abduction and articularsided strain in the posterior section of the tendon at 90° of abduction. These data support the 50% rule that overall strain is minimally affected by the presence of a 50% partial articularsided tear and suggest that tears smaller than 50% of the total tendon thickness may be treated with simple debridement.
In the treatment of partial tears, the authors used a rotator interval repair, which limited the passage of instruments and suture anchors through the rotator cuff that may have damaged the tendon being repaired. In clinical situations where it is not possible to avoid violation of the tendon with instrumentation, the in situ repair technique would likely maintain the biomechanical integrity of the repair but would not be able to avoid damage to the bursal tissue. Although the authors found improved articular-sided strain characteristics for in situ repair, the data failed to reach statistical significance, most likely because of insufficient power. Additional studies with larger sample sizes are needed to display statistically significant differences. However, the differences in the bursal strain and displacement characteristics suggest that completing the tear extends damage into previously intact (and potentially healthy) tissue. Limitations with the current study include the relatively small sample size. Although the authors believe that in situ repair may have a biomechanical advantage over tear completion prior to repair regarding articular-sided strain, they were unable to show a statistically significant difference. In situ repair maintains the strength of the residual tendon and is minimally traumatic to the bursal side of the tendon when compared with transtendonous repair. It is possible that a difference existed, but insufficient power existed to detect the difference. Furthermore, this was a biomechanical study, and the clinical implications must be considered with caution.
conclusion
Controversy remains in the literature over the ideal treatment strategy for articular-sided partial-thickness rotator cuff tears. 3, 11, [21] [22] [23] The current data demonstrated a minimal effect on the strain characteristics of the remaining tendon in the presence of a 50% partial articular-sided tear. This agrees with the 50% rule, which indicates that tears smaller than 50% of the total tendon thickness can be treated with simple debridement and tears larger than 50% of the total tendon thickness may be considered for repair. 2, 3, 11, 20, [24] [25] [26] [27] The current study demonstrated that in situ repair is a viable biomechanical treatment option when compared with tear completion prior to repair of partial articular-sided rotator cuff tears. When clinically appropriate, in situ repair may offer some biomechanical advantages, with lower strain and displacement observed on the bursal side when compared with tear completion prior to repair.
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